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ABSTRACT

The traditional system of collection and storage of Brazil nut compromises seriously the quality of these almonds as
it contributes to the high incidence of contaminants, like fungi of the despexgillus which can produce aflatoxins.
In this study the objective was to evaluate the influence of the storage period in studied conditions, on the
physicochemical characteristics and on the microbiological contamination of Brazil nuts. The experimental was designed
as completely randomized, considering as treatments the storage period (0 - control, 30, 60, 90, 120 and 150 days) with
four replicates of 3 kg of Brazil nuts each. The samples were submitted to physicochemical and microbiological analysis.
It was observed that almonds submitted to the storage had their moisture content reduced by 78.2% at 150 days of
storage, howevethis reduction was not fast enough to avoid surface contamination by filamentous and potentially
aflatoxins producing fungi. The critical period of contamination occurred on the first 30 days of wioesginere was
an increase of the studied fungi, as well as Bltatadaflatoxin The studied storage conditions were four times
more efective in reducing the product moisture content than the traditional methods, hqwexdying is necessary
to avoid contamination of the product.

Key words; Bertholletia excelsaSorage systenyflatoxin.

RESUMO

Qualidade da castanha-do-brasil durante o armazenamento em silo com aeracéao forcada

O sistema tradicional de coleta e armazenamento da castanha-do-brasil pode comprometer seriamente a qualidade
das améndoas, pois contribui para a alta incidéncia de agentes contaminantes, como fungosftpeg#égikug que
podem produzir aflatoxinas. Neste trabalho, teve-se por objetivo avaliar a influéncia do periodo de armazenamento, nas
condicdes estudadas, sobre as caracteristicas fisico-quimicas e a contaminacéo microbiolégica da castanha-do-brasil. C
delineamento experimental foi inteiramente casualizado, considerando-se como tratamentos os tempos de armazenamentc
(0 - controle, 30, 60, 90, 120 e 150 dias), com quatro repeticées de 3 kg de castanha-do-bresdicediras foram
submetidas as andlises fisico-quimicas e microbiolégicas. Observou-se que o armazenamento reduziu em 78,2% o teor
de umidade das améndoas ao final de 150 dias, poréne@gsao nao foi rapida o suficiente para evitar a contaminacao
por fungos filamentosos totagspotencialmente produtores de aflatoxinas. O periodo critico de contamina¢&o ocorreu
nos primeiros 30 dias de armazenamento, quando se verificou o aumento dos fungos estudados, bem como de aflatoxinas
B1 e total As condi¢cbes de armazenamento avaliadas foram quatro vezes mais eficientes na reducéo de umidade do
produto do que o método tradicional de armazenagem, sendo, porém, necessaria uma pré-secagem, a fim de se evitar
contaminagéo do produto.

Palavras-chaveBertholletia excelsssistema de armazenamento, aflatoxina.
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306 David Aquino da Costa&t al.

INTRODUCTION These critical conditions for storage are the result of
the typical climate of themazon region, characterized by

The Brazil nuiBertholletia excels&élumb. & Bonpl . | . : . .
i ) i i hltgh temperatures and rainfall, especially during the harvest
Lecythidaceae) is considered one of the most importan . .

. . : - season and pre-processing of Brazil Alithat promotes
species with economic exploitation of tAenazon

inf Al d iated for h favorable conditions for the growth of aflatoxins producing
rainforest.Aimonds are very appreciated Tor umarfungi, besides the possibility of rewetting the product

EonSL;Tpt'(;An du_e E[O tlhe';gf: nlf:;:tlonfll Vallée ano[[h_ealt(jj"uring storage under natural conditions. Thus, besides
enefits (Masset al, )- The almond con aINS the need for efficient drying of the product, taking it to

substgntlal amounts of a_nt|O_X|dant phgnollcs, which “ahfe water levels, it is necessary that the storage system
effectively control the oxidative stress in the body (Johgnsures the maintenance of the reached conditions

& Shabhidi, 2010). Howeversome reports state that thepreventing the fungi to grow over time.

presence of aflatoxins, a group of secondary metabolites In this context, the objective of this study was to

produced byspergillussection Flavi, which are extremely evaluate the influence of the storage period under the

toxic and carcinogenic, are common in the Brazil nut. studied conditions, on the physico-chemical

The presence of these' compouan is due to tQﬁaracteristics and the microbiological contamination of
traditional system of collection, pre-drying and storagg . grazil nut

of Brazil nut, which seriously compromises the quality of

the glmond_s, favorlng_ the hlgh mudenpe&sfpergﬂlus MATERIAL AND METHODS

fungi. Despite the regional differences in the production

of nuts, extractives generally harvest the pods on the One hundred kilgrams of Brazil nut were used, in shell,
ground, sometimes with long exposure time to higfreshly collected from the Chico Mendes Extractive Reserve
temperatures and humidity of the foreafter the (RESEX)inthe municipality of Brasiléia, staté\ofe, Brazil
collection, they break the pods still in the forest, exposingf 10° 49'12"S and 68°46’18V, which were transported to
the kernels that were previously protected by pods, tbe Foodrechnology Laboratory at Embrapa in Rio Branco,
other contaminants#fter the break, the next step is thestate ofAcre. The product was submitted to six hours of
pre-drying, performed most often in direct contact witlirying in a dryer by natural convection, using wood
the ground, and some extractives have begun to empleymbustion and the pods (fruit of the Brazil nut tree) as
rigid structures with screen background, improving thbeat sources, and manual control of temperature to 45 °C.
phytosanitary condition of the product. The most criticdDuring drying, the nuts were arranged in layer of 15 cm of
points for the infection are after pre-drying, since thbeight and upturned every 30 minutes, reaching average
moisture of the product after this step also allows th@oisture content of 16.47% b.u., condition close to that
growth of micro-organisms. Alvaresal (2009) reported obtained under field conditionsfter this pre-drying, the
that some extractives perform the pre-drying of the produatits were stored for 150 days, from February to July in
by laying the nuts with shell on a screen floor of 2011, insilo type storage (Figure 1), with a capacity of 2,835
conventional wooden warehouse, at 80 cm from soil, ahg of Brazil nut. The silo was built in galvanized steel, with
keep them with daily turnings under natural aerafiier 1.90 m in diameter and 2 m in height, with side built in
about 15 days, according to the extractives’ experiendgexagonal mesh screen, with a 30 mm opening. In the inner
the nuts are stored in raffia bags in that warehouse urpirt, the side was covered with a plastic sheet, and the air
shipment to the processing plants, with no control ovélow was completely directed to the top of the silo, moving
the moisture content of the product, as well athroughoutthe entire mass of the product. The floor where
contamination by micro-organisms. These authors al$lee nuts were laid on, was built of 5 mm galvanized steel of
state that the Brazil nut, after the traditional pre-drying &mm screen installed above the plenum chamber witi.90
this site, reaches 15% b.u., reducing by 50% its initiath diameter and 0.40 m in height. The aeration system
content, howevethis moisture is still not low enough to consisted of a fan run by 0.5 hp engine and a centrifugal fan
avoid growth of micro-organisms. Leite (2008), wherwith a flow of 332 m3. iand the static pressure ofi2@nca
studying the behavior of the product stored in the prevas installed with the plenum chambeo allow
drying conditions mentioned above, found that after 90omogenization of the air flow before passing through the
days of storage, the nut reaches water activity of 0.7dough of the product. The system was activated every
exceeding the limit of 0.70 recommendedfiyuset al.  day, when it was not raining for seven consecutive hours
(2005a) to prevent production of aflatoxin. The storagérom 9 a.m. to 4 p.m.) during the storage period. The readings
conditions of nuts seem to have an important influenc# temperature and air environment relative humiditthin

on the population of fundispergillussection Flavi (Reis the storage silo, were recorded every three hours during
etal, 2014). the day by a datalggr.
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Quality of Brazil nuts stored in forced aeration silos 307

Before storage, and every 30 days, samples welRESULTS AND DISCUSSION
collected, homogenized and analyzed for moisture in an . . . .
L . o . . Storage time of the nuts in the silo-warehouse with

oven with air circulation at 105 °C for eight hours; aShegeration influenced the moisture content of almonds
by incineration in a muffle a.t 540 °C (ROAC, 2.012); ethe?educing it from 16.47 to 3.59%, with a decline of 78.20% in
extract, by Soxhlet method in an extractor of oil and greaigo days (Figure 2pfter 90 days of storage, there has
(AOAC, 2012); total crude protein (N x 6.25) by the micro- y g ) y ge,

. . . L ._already been significant reduction in moisture content of
Kjeldahl method with a nitrogen distiller; total crude fiber. y g

N ) S
by digestion in a fiber determiner in®0, 1.25% pfv and 75.77% compared with the initial. Alvaresal (2009),

evaluating almonds stored in communities of extractives
NaOH and 1.25% w/v (AOAC, 2012); total carbohydrates g . .
. ._._InAcre, through community paiol warehouse type, found
by the difference between the total and the other variables . .
. . _ . aTeduction of only 18.45% of the moisture content after 90
mentioned above; water activitpy direct reading on

L : days of storage (moisture of almonds of 14.96% before
portable water activity meter; total counts of filamentous

: . . . . . _Storage to 12.20% after storage for 90 days) at temperatures
fungi and potentially aflatoxin producing fungi by plating

ranging from 24.72 to 30.15 °C and relative humidity from
by dilution on surface, according to Rett al (1983); ging y

flatoxins B1 B2 G1. G2 and total. by high : 65.77 to 100%As the environmental conditions of the
aflatoxins B, B2, 5.1, 2, and total, by Nigh-periormanc 4 v, A\vareset al (2009) were similar to those of the

liquid chromatographyusing a fluorescence detector an;tresent work, where temperatures ranged from 26.87 to

post-cplumn derivatization byk elecltrochemlcalhce 9.60 °C and whose degrees of relative humidity ranged
according tAOAC (2012) and &okaet al (2000). For the from 62.90 to 84.50%, it can be stated that this great

analysis of aflatoxins, a C18 column was used with flo‘efif'ference in moisture reduction of the product in the same

rate O_f T .mL.hmln‘I.. The m_o?”l; Ehase dusgd Wa;storage time is due to the aeration system in the current
acetonitrile:methanol-water (2:2:6)dthe standards use storage, which is four times more effective in reducing the

were 0.0015to O'OSQQ’]'_TL{ for aflathin BlandGland st re content of the almond compared to the traditional
0.0008 to 00153pg.mL*, for aflatoxin B2 and G2. The community storage room (paiol type) used in the region.

experiment was conducted in a completely randomizt;g,5 recommended by the Cod&limentarius (2006), the
design with six treatments that consisted of storage timﬁﬁ)isture of the nuts after harvest should be reduced to a
(0 - control, 30, 60, 90, 120 and 150 days of storage) agety jimit, which according to the Safe Food Program
four replicates with 3 kg of nuts per replicate. (PAS, 2004), should be less than 13%, a situation obtained
Data were submitted to verification of discrepant datafter 30 days of storage.
normality of errors, and homogeneity of variances, analysis The longest reduction period of moisture content of
of variance and regression. Regression analysis was ugegl nuts (from 0 to 60 days of storage) coincides with the
as a reference for defining equations able to explain thcrease of 6.07% of the room temperature, although there
behavior of the evaluated variables over time from 0 to 15¢as also an increase of 24.82% of air relative humidity
days, with intervals of 30 days but the presented daRigure 2). Howeverconsidering that the aeration occurred
were the observed ones. Pearson correlation was perfornieging periods of the lowest humidity during the day and
to identify the influence of the relationship between ththat this increase of 24.82% is average, the direct contact
variables in the explanation of the results. of the stored mass with more humid air was minimal,

Figure 1:Warehouse-silo with forced air used in the experiment during storage of Brazil nut (A) and fan-driven engine detail (B).
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308 David Aquino da Costa&t al.

justifyied by the reduction of moisture content of the nutan increase in the count of these fungi, especially in the
even with the increase in relative humidity of the room aiinitial period of storage (Figure 3) was foud.cording
Regarding the temperatures of the period in studio Garciaet al (2012), fungal growth depends on the
which ranged from 26.87 to 29.60 °C, they are, accordingitateraction between the temperature and the humidity
Molyneuxet al (2007), near to the ideal 26 °C for growth ofwhich are the most important variables for their growth.
Aspergillus flavusand maximum production of aflatoxin Pachecet al (2010) also observed a relationship between
by this species. temperature and relative humidity of the environment in
Since a significant and inverse correlation betweethe region, so, the storage should be of short duration.
moisture content of the almonds and the presence of Afterthe increase period, verified until the first 30 days
potentially aflatoxigenic and total filamentous fungiof period of storage (Figure 3), fungal contamination
occurred (able 1), the reduction in the content of moistureemained relatively stable with a reduction in moisture
was not enough to prevent this contamination, therefocentent of the environment and almond during storage.

100 - 29.60 r 30

28.05 28.50 28.06 28.40]
26.87
90 1/'

60 62.90

50 - 15

40 -

Room temperature (°C)

30 4

Humidity almond and relative air (%)

=o=Relative air humidity (%)
20 4

116.47 15.22 =s=Humidity almond (%) L 5
=o=Room temperature (°C)
10 6.60
3.99 4.38 3.59
0 T T T T 0
0 30 60 90 120 150

Storage time (days)

Figure 2: Room temperature and relative humidity of the air and the Brazil nut almonds obtained during storage for up to 150 days
in dryer-warehouse after drying by natural convection

Table 1:Correlations between the variables evaluated in Brazil nuts stored in silo in Rio Branco,Ata¢e 2011

Variables WA AF TF AB1 AB2 AGl AG2 AT A P E F CB

H 0.88** -0.62** -0.65** -0.73** -0.28° -0.47* -0.79** -0.78** -0.91** 0.13* 0.37 -0.14* -0.44*
WA -0.49* -0.51* -0.52** -0.20° -0.47* -0.64** -0.59** -0.87** 0.14* 0.30* -0.26° -0.34*
AF 0.94* 0.93* 0.28° 0.27 0.72** 0.93* 0.33° -0.02¢ -0.24* 0.0 0.40*
TF 0.95** 0.26° 0.25° 0.74* 0.93* 0.34* -0.00° -0.22° -0.0I 0.45*
AB1 0.30** 0.25** 0.82** 0.98** 0.46* -0.06° -0.31" 0.02°¢ 0.45*
AB2 0.16° 0.24¢ 0.27 0.18° -0.13° -0.34* -0.35° 0.23¢
AG1 0.42* 0.40° 0.46* -0.20° 0.02¢ 0.26° 0.07
AG2 0.84** 0.65** -0.30° -0.24* 0.12¢ 0.40¢
AT 0.52* -0.07 -0.28° -0.08° 0.42*

A -0.21 -0.39* -0.10° 0.39°

P 0.15° 0.06* -0.25¢

E 0.42* -0.80**

F -0.56**

H = humidity; WA = water activity;AT = almond temperaturé§F = potentially aflatoxin producing fungfF = total filamentous fungi;
ABL1 = aflatoxin B1; AB2 = aflatoxin B2AG1= aflatoxin G1,AG2 = aflatoxin G2AT = total aflatoxin; CH = centesimal humidity; C = ash;
P = total crude protejnE = ether extract; F = total crude fiber; CB = total carbohydrate.
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Quality of Brazil nuts stored in forced aeration silos 309

Arruset al (2005a), when performing storage studies witapproximately close to the one found until 30 days of
nuts in shell also observed that the humidity of 5% avoidesiorage in the experiment), and basically composed by
the growth of toxigenic fungi. Howevén this studythe Aspegillus genusAccording to Rodriguest al (2005),
moisture content of almonds was obtained only after 88spergillus flavusand Aspergillus parasiticusare
days of storage, indicating that a more efficient pre-dryingndoubtedly the most common species belonging to these
before storage or in a system with hot air injection in thgenera and important producers of aflatoxins in foods.
warehouse are required in order to maintain the quality of These results are similar to those obtained by Gatrni
the nuts during storage. This recommendation is justified. (2008), who also found fungi in the bands between 17
by the fact that the current system depend on locahd 19% of moisture content in corn grains during storage
environmental conditions which may increaseintil 21 days at 25 °C. Therefore, the reduction in moisture
contamination by fungi even with the relative humidity umnd water activity of the seeds by drying is extremely
to 70%, considered ideal by Cod&bmentarius (2006). important to reduce the critical levels of contamination
This humidity may be relatively low for the region; however(Arrus et al, 2005b), a situation observed in this study
considering the temperature of the medium between 28ing the warehouse with forced ventilation.
and 30 °C, in terms of absolute air humidit§% is quite Leite (2008) andrruset al. (2005a) also observed an
high, particularly if the air is not heated or ventilated ovencrease in the contamination of total and potentially
the productAccording to Johnssagt al (2008) the higher aflatoxigenic fungi in the Brazil nut on the first 30 days of
the relative humiditythe faster will be the growth of storageThus, considering the conditions in thmazon
Aspergillusand mycotoxin production. In this work, theregion, even the 30-day storage can be worrisome, because
initial increase in the air relative humidity in the first 30of the high temperatures and relative humidity of the
days of storage was enough to trigger the process afvironment that the nuts are submitted, which are
increase of fungal contamination of nuts. Howeitels  favorable to fungal contamination.
found the importance of reducing the moisture of almonds Even with a small increase in counting of fungi at the
during storage, because even with the continuity of theeginning of storage, it ranged 15.3%, throughout the
rainy season and consequent increase in room relatperiod for total filamentous fungi (5.04 t0 5.81 log CFY g
humidity, contamination has stabilized after 60 days cind 34.7% to potentially aflatoxin-producing fungi (4.23 to
storage (Figure 3). 5.70 log CFU @), and these variations were lower than
The storage stage is considered critical in th20.5% and 54.0%, respectivefgund by Leite (2008) in
management of the Brazil nut during post-collection. Fungiarehouse paiol type. Thus, the ventilation system used
known as storage ones are those that develop in seedmathe warehouse was more efficient in preventing the
grains with moisture content above 17% (valuéncrease of contamination during storage.

6 1 5.81 5.78 5.77 5.80 5.80 ré
>
_ 5.69 5.61 5.64 510
5.04 27
5 5
o
O n
e 423
S 4 r4 .
g o
— O
G e
2 o
2 3 r3 o
o) =
3
g | ol
: %
<2 -2
Rpee -
g Total Filamentous Fungi (log UFC.g™)
. Potentially Aflatoxin Producing Fungi (log UFC.g™")
1 F1
_| =o= Total filamentous fungi (log UFC.g"")
=o= Potentially aflatoxin producing fungi (log UFC.g"")
0 T T T T T 0
0 30 60 90 120 150

Storage time (days)
Figure 3:Potentially aflatoxin producing (AR and total filamentous fungi found in almonds of Brazil nuts during their storage for
up to 150 days in dryer-warehouse after natural convection drying.
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310 David Aquino da Costa&t al.

The water activity of nuts ranged from 0.99to 0.52 in The larger presence of aflatoxin B1 was found on day
the studied period, showing a trend of reduction oveéi0 and for total aflatoxin, at 120 days of storage (Figure 5).
storage time (Figure 4). The high water activity until 3Qeite (2008), working with chestnuts with an initial water
days of storage, along with the high humidity of the nutsctivity of 0.93, close to the one of this work, which was
may have favored the increase in the count of fun@.99, also observed an increase of contamination by
colonies in this period. This behavior is similar to thaaflatoxin at the beginning of storagecording to Soares
observed by Magan &ldred (2007), in studies of grain et al (2010), aflatoxin B1 occurs in greater quantities than
stored in silos, where the authors found that the fungafiatoxin B2, G1 and G2.

Aspergillus flavugan develop and produce mycotoxins In periods of larger production of total (120 days)
in the water activity range between 0.73 and 0.85, faahd B1 (60 days) aflatoxins the temperature of the
observed in this work, close to 60 days of storage (Figuséorage room was 28.05 and 29.60 °C and air relative
4).According to the CodeXlimentarius (2006), foods with humidity of 84.50 and 70.4%, respectivdlese results
water activity below 0.70 are considered safe in relation axe similar to those observed Ayrus et al (2005a),
deterioration by micro-organisms, and at this conditionyho found that temperatures from 24.65 to 30 °C are
growth of potentially aflatoxin producing fungi andfavorable for the production of aflatoxins in the Brazil
aflatoxin production do not occur nut.According to the same authors, in relation to the air

Storage conditions also provided the appearance mative humidity aflatoxins are in the range between 80
aflatoxin B1 and total in all periods of the study (Figure 5and 85%. Thus, it is observed that high temperature
As for total filamentous and aflatoxin potentially producingand air relative humiditywhich are characteristic of the
fungi, an increase occurred in quantification of total andmazon environment, are perfect to the appearance of
aflatoxin B1 at the beginning of the storage (Figure 5jungi, which makes prevention of contamination
even with reduction of moisture content (Figure 2) andifficult. However combined with the climatic conditions,
water activity (Figure 4) of the almonds, since the nuthe water activity of the product is a key factor for
have already been stored with higher moisture contembjcrobial growth, which explains the reduction of
where the importance of efficient pre-drying of the produaontamination during the studied storage period. It is
to prevent contamination was found. This increase wa$so important to recognize that the interaction of all
also detected by reverse correlation between most of ttese factors provides different results, with regard to
studied aflatoxins and the moisture content and wat&rgal growth and mycotoxin production in identical
activity of almonds (@ble 1). substrates.

1.0 r 400

0.9
- 350

0.8 4
- 300

0.7 4
- 250

o
o
L

200

Water activity
o
(8]

o
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- 150

Total aflatoxin (pg.kg 1)

100

014 —=—Water activity - 50

=e= Total aflatoxin (ug.kg™)
1013
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Storage time (days)

Figure 4:Water activity and total aflatoxin in Brazil nut obtained during its storage for up to 150 days in air forced warehouse after
drying by natural convection in an experiment carried out in a completely random design in Rio Sce@) 1.
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It is observed that even with the reduction in thalmonds (Arrugt al, 2005b; Baquidet al, 2012; 2013),
moisture of almonds to 3.59% and water activity to 0.58nd these may produce aflatoxifsscording to Pas (2004),
at the end of storage, the quantification of 273.31 pg.kstorage is considered a critical step, because depending
! of total aflatoxin detected during this period was highon its duration and conduction, fungal growth and
Aflatoxin is a stable toxin, when it is produced is difficultproduction of aflatoxins may occur in greater or lesser extent
to be removedArruset al. (2005b), when studying the in humid places, so it is necessary that from the way pods
production of aflatoxins byAspergillus flavusin  are laid on the forest soil until processing, this should be
dehydrated Brazil nuts, concluded that the drying advoided to favor the necessary conditions to aflatoxigenic
the product between 3.5 and 4.0% of moisture and is¢rains.
maintenance during storage are key points for Pachecat al (2006), in a study with nuts from two
preventing the synthesis of the toxifas this silo- processing plants located in Manaus (AM), in 2005 harvest,
warehouse under study is to be used by producers efennd values above those allowed by Brazilian and
in the communities, it is important that the pre-drying i€uropean legislation for the contamination range, which
well performed and the storage period before delivemanged from 183.42 pg.Kgo 924.22 ug.kg for total
of the product to the plant, is as short as possible &flatoxin. Calda®t al (2002) also found contamination
avoid this contamination. levels in products consumed in the Federal District, from

It was found in this work that the nuts at the beginnin§998 to 2001, with maximum levels above those granted by
of storage were already with 10.13 pg-kdgtotal aflatoxin, the current laws, and they may mean a risk factor for the
which is content close to the maximum limit established gyopulation that consumes them regularly
Brazilian legislation to Brazil nuts in shells, 20 pgtkig For Arrus et al (2005b), an important strategy to
is observed that these values are even similar to thgsevent aflatoxin in Brazil nut is by interfering in the growth
of the legislation (Brazil, 2011), for nuts intended for direodf the fungus after collection through proper control of
consumption, with 10 ug.Kgand for processing, with room temperature and air relative humidity during storage.
15 pg.kg:. Moreover the values obtained in this work,Nuneset al (2003) further add that the fungus can be
before storage, were similar to the maximum limits of totahactivated or removed during processing and not be
aflatoxin set by the European Union for the shelled Braziresent in the manufactured product, but mycotoxins can
nut that are fug.kg* for aflatoxin B1 and 1@ug.kg* for remain as they are not easily eliminated. Therefore,
total aflatoxin for direct human consumption (Europeaextended storage is only recommended if there is a
Union Commission, 2010). This reinforces the thesis thabssibility of locally control relative humidity and room
the soil may be the main source of fungal contamination tdmperature during storage. In the case of this work, for
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Figure 5 Average values of aflatoxin B1 and total aflatoxin found in almonds of Brazil nuts during their storage for up to 150 days
in dryer-warehouse after drying by natural convection.
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storage purposes still in the communagration system peanut sweets (Glor&t al., 2006), making their export to
was used during storage, even with the processes befageign markets difficult (Mello & Scussel, 2007), in view
under environmental conditions, which at the time odf the strict control of the maximum levels of aflatoxins
collection of chestnuts, was characterized by higpermitted in these products.
temperature and relative air humidity is therefore Regarding the centesimal composition, the storage
necessary to adjust the system to a smaller influencemdriod has changed only the ash content (Figure 6) and
environmental conditions on the product, but withoutotal carbohydrates (Figure 7) of almonds (Figures 5 and
increasing the costs for extraction. 6). The ash content ranged from 3.12 to 3.92%, during
It is observed that the contamination by total aflatoxistorage up to 150 days and the total carbohydrates from
was represented almost exclusively by aflatoxin B1 (Figutz65 to 14.58%. Thus, the average values for ash (3.64%),
5), which is in agreement with the observations made Ilpyotein (15.29%), ether extract (63.86%), crude fiber (8.03%)
Silvaet al (2008), who concluded that the contaminatiomand total carbohydrates (9.05%) were not influenced by
of seeds by the fundhspergillus flavugprevails over storage, in which similar results were found in other places
Aspergillus parasiticusT his is becausé&spergillus flavus  such as Xapuri, also Acre, by Souza and Menezes (2004),
produces type B aflatoxin amiispergillus parasiticus in Brazil nuts stored with shell, in Parg, and by Saatos
produces G type aflatoxins, also suggesting that the maih (2011), in broken and dehulled nuts.
responsible for the contamination of nuts in this work were The average content of total crude protein was 15.29%
theAspergillus flavusungi species. On the other hand, itduring the storage period of up to 150 days. This value is
is also known that not all isolates Agpergillus flavus statistically equal to those obtained by Ferreii@ (2006)
obtained from agricultural products are able to synthesi{&5.60%), Queiroga Nett al (2009) (16.50%) and Santos
aflatoxins (Freire; Kozakiewicet al, 2005). However etal (2011) (18.58%). These values confirm that the nutis
according to Olseat al. (2008), the major responsible fora rich protein source, since according to Cardarelli and
aflatoxin production may not baspergillus flavusout  Oliveira (2000), this situation occurs when the almond
Aspergillus nomiusSo, the occurrence of both species ipresents 15 to 20% of protein.
Brazil nuts should be further studied to define prevention For the ether extract content, an average of 63.86%
and control strategies of aflatoxins in this product. was found during the storage period of up to 150 days.
According to Garciat al (2012), aflatoxin B1 is the This value is statistically equal to those obtained in other
most toxic and presents carcinogenic propertiesorks, such as Ferreied al (2006), Queiroga Netet al.
occurring in larger quantities than the other aflatoxing2009) and Santost al (2011), with averages of 61.00,
considered the main aflatoxin in agricultural product$6.23 and 65.33%, respectivagnfirming the lipid richness
This toxin has been identified in other products besided this food According to Cardarelli and Oliveira (2000)
Brazil nut, as in animal diets (Oliveist al, 2010) and the ether extract of Brazil nut ranges from 60 to 70%,

y =-0.00001x? + 0.0061x + 3.2655
R* =0.6952*

0 T T T T |
0 30 60 90 120 150

Storage time (days)

Figure 6:Ash content of the Brazil nut during storage for up to 150 days in air forced warehouse after drying by natural convection,
in an experiment conducted in a completely randomized design, in Rio BAmnep201L.
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Figure 7: Content of total carbohydrates of Brazil nut during storage for up to 150 days in dryer-warehouse after drying by natural
convection, in an experiment conducted in a completely randomized design, in Rio Baacap1l.
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